, and 10 -7 M, were examined with data acquired by recording 40 spectra from eight different substrates (five stochastic spots per substrate). The RSD of the P1 (612 cm -1 ) Raman vibration mode of R6G
at four different concentrations, 10 -4 , 10 -5 , 10 -6 , and 10 -7 M, are calculated to be 11.6%, 11.1%, 17.8% and 27.1%, respectively. samples were recorded on a Bruker AXS D8 Advance X-ray diffractometer with a Cu K radiation target (40V, 40A). UV-Vis experiments were made in transmission geometry on a UV-Vis spectrophotometer (V660, JASCO) over a wavelength range of 200-800 nm.
Supplementary Figure 6 | The intensities of the P1 (612 cm
Calculation of the enhancement factor. The EF was calculated according to the formula: 
Where I 0 is the incident laser intensity at frequency ω 0 , and ω IF is a molecular transition frequency between states I and F (presumably two different vibronic levels of the ground electronic state I e ).
The general expression for the polarizability tensor in the molecule-semiconductor system may be shown as:
Where K represents all the other states of the molecule, μ is the dipole moment operator, 
Where zero refers to zero-order Born-Oppenheimer states, H eN is the electron-nuclear attraction term in the Hamiltonian, evaluated at the equilibrium nuclear positions (0). | e 〉
and | e ′ 〉 indicates the electronic states lying in conductor band and valence band of semiconductor, respectively. h KS is the coupling matrix element representing the degree to which a particular vibration Q can mix states S e with state K e . Similarly, h IS' is the coupling matrix element representing the degree to which a particular vibration Q can mix states S e ' with state I e .
It should be mention that in a defect-rich semiconductor, surface or lattice defects such as oxygen vacancies can introduce new electronic states, located in the forbidden band, which should be also included in the vibronic functions. The defect states may serve as an electron sink, with a dual ability to trap and eject excitons from/to matched energy levels. With a similar approach, we use | e 〉 to denote the electronic state related to the defects lying in the forbidden band of semiconductor. h KV is the coupling matrix element representing the degree to which a particular vibration Q can mix states V e with state K e , and h IV is the coupling matrix element representing the degree to which a particular vibration Q can mix state V e with state I e .
For the purely electronic transition moment between states, we write: 
Substituting into Supplementary equation 5 (assuming that ω 0 > ω IF ), the expression of polarizability tensor α σρ in the defect-rich semiconductor-molecule system can be derived, which still involves the sum of three terms：
A represents the contribution of the molecular resonance to the polarizbility tensor via M IK , which is a term insusceptible to the defect states in the semiconductor, as described by Lombardi and Wang. 
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